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SYNOPSIS : Bioremediation is a degradation process of existing organic contaminants in soils and
groundwater by indigenous or inoculated microorganisms. This process can provide economical
solution as well as safe and effective alternative in remediation technologies. However, it has been
suggested that the rate of bioremediation process of organic contaminants by microorganisms can be
limited by the concentration of nutrients and TEAs(Terminal Electron Acceptors). In in-situ
bioremediation, conventional pumping techniques have been used for supplying these additives.
However, the injection of these additives is difficult in low permeable soils, and also hindered by
preferential flow paths resulting from heterogeneities in high permeable ground. Therefore, the
injection of chemical additives is the most significant concern in in-situ bioremediation.

Most recently, electrokinetic technique has been applied into the bioremediation and the injection
characteristics under electrokinetics have not been examined in various soil types. Therefore, in this
study, electrokinetic injection method is investigated in kaolinite and sand, and the concentration of
ammonium(nutrients) and sulfate(TEASs) in soil is presented.

Key words : Elctrokinetic, Bioremediation, Nutrients and TEAs, Kaolinite, Sand

1. M 8

g oty TR ZE MAE
AE Ao A FFLEECIY
(Charbeneau et al., 1992).

oz nAEY 9d Bl dgEd TEAs(Terminal electron acceptors)$d #Z< A $kQlxboll 23

Fae

£ o] &3l bioremediation 71&£& &
718 L9899 AAY HAAH: a7

o

Ed7& 7hed)
1 7] S

L

FEE WAHY, o] FFLE RIASEE 3ol A S0ui7EA F A tH(Lee, 1998).

drA Q) TEAss FEES §52 JAF4L AL UL=EE 7t5dy AHE ARt JodM=
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71 sl Aol o] 2ol F 2 ML At g ooy, HVAFEEY g &

ol F, 33t Aol AF Fatol oy R uk A o 5}5’““’«1 o] F& olF A&

AYENANE B9 o]FEErt ol Fon2 (ky < 1X107 cvs) 318t E A9 o5 F

Faboll o8 FATL Zolnk, 2 A4AY olF WAUEFE AR g 2o
710l 2ol EE T3 STLE FUHT Sol2L 4FE T olFsn WUR Joje &I F

3 olEstAET. MrlojolFA AT o] o]FEEE

o ol&Fk, o] olFA, AT FFE, AFEA JET

]es= Uz'niescpf (21)
s - DCAYZAAN(V/cm)

Cy @ 359 o] % E(mol/mL)
U : ol&9 o]ZA(cm%V - s)

T 29 FFE(Tortuous path)
n I FE
Jos - A710] 0] Tl & o] 29 o] FEE(mol/em’ - s)

qeAon WIS 9POR LA ALA5E FIE oA, 9
AN ol Fel & o|FEEE AINMFAS, AYAA, BIFY oleFE B

Jo= keiescpf (2.2)

ko @ AZAEAF(cmY/V - s)
T, AANANEC od o]29] o] 4 % (mol/ecm” -+ s)

OJE

o] @ o)FL olee FEAM dd §I()% FF(HOE FY F Utk Fato] U@ o
2o oFEEE FUAS, 2o FIE, VI, FET

Jp=Drni, (2.3)

D : &A% (cm?/s)
i, 1 =79 (mol/L - cm)
Jp @ 823 oF o] 9] o]F & E(mol/cm” - s)

Alshawabkeh(1996) & ¢F7+e] S5 £AF Y A7IAF A5 Wile oo)Fd) 53 94T FX
gt 892, Thevanayagam et al.(1998)2 o] 2ol% o & olFo] H7IAAFo o& olFe it
o 93 o)F&THT AUHoRE FaF 299UL YL T AFEA
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AMel FUA5ELE A7t At

Aol AFEE shEAt FhEA(AA A 383%, 2 /A 27.8%, ¥IF 25)2 #7118 o] 103%°]n
TUEFHEAY CLE £FHs wdide] Zow, Rele A%4 2ZAE 78 A2 £ 6094 (0.25mm)
T FAA FEJYD 0.12mm, FEAF 1252 Algeldh 60WAE FR3 NEE B2 AAE 93
AH F o 197 X8 27HFA7E dA AF F AdzAA Aesac

ALE R FhERUolEgt R AIREAY S <E 1>, <& 2> AAHH

LA RE 8F 05kg/cm’Z YIS AN A2AHFAT, L) g B ¢+E ASTM D-6989]
EE Proctor A Gl 27 dte] AUl A Azt dFEe wAPEE pH 55-859 WM &
D=9 w7t 7heein, Aol A4 @A A 439 Electrokinetic F Ao 24
e F23 ST Ho)e OH ol&e A9 pHE WA A 5B electrokinetic 9 Ao}
pHEHE dFHelzt & 4 o W&t pH €39 43S HHR7] sl 2t A8 setlF set2E=
pHE 243 ZHdA F 717 FUsEE Ad™std AASAT. FF(H)F )&z AEE&TA
£/|E 1LY FZ2E&F td 40mi/ming ¢H#EEE LG F x] FYLd FEE i
e HES 1012 78R, Anonym(1996), Berry and Burton(1997), Demque(1997) S0} A&
AR fAde 29 ¥ 5000~15000mg/kgE Teldte NH.OHE 3,200mg/L(set)= 1,600mg/L(set2)
72T HSO0:E 480me/LlsetD) 240mg/Liset2)2 AR} E pHE ZAskA % A9 592
XS FH48r] A 7 AR set3 setld FEF X7IFE 3200mg/Le NHOHSH 480mg/Le)
HS0.2 AS5ax9 Adgde 82714 &3 AAA
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<¥ 1> Kaolinite properties used in this test

.. .. . . Organic
Initial ngu'ld Plastic Specific Pass%ng#ZOO pH Unified Soil
Water Limit Index Gravit Sieve Content at w=400% | Classificatio
content(%) (%) (%) Y (%) (%) ? ssthication
48% 38.3 10.5 2.5 98.6 10.3 7.4 CL

<3t 2> Sand properties used in this test

Initial Effective |Uniformity | Initial Dry Initial
. . .. . . Specific pH Unified Soil
Water Grain Size | Coefficient | Density Porosity . o e
(%) (Duw) 5 . Gravity |at w=400% | Classification
content{>6 10 (Cu) Lg/cm ) (A)
20 0.12 1.25 15 47.3 2.6 9.4 SP
Agele BE

B2 o] 2AARA ) BV FXE T FIFE 2TFE AL

B AGAAC biEsinz 1747t 4gF A4S AR 48cmd] 60VE LA FHA
FAE AAAGZAS APt 4¥EE T A89 pHE KS F 2103-83(98)d A8t &4 3}
Ao B AP FAES <F 3>9 HEFsA AA L.

o2 o5%

<¥ 3> Summary of experimental conditions

iti i E/K
. Initial Concentration pH Control Voltage '
Test No.| Set No. | Soil Type (mg/L) . . Duration
(Circulation) (V)
NH.OH HoS04 (days)
Setl 3200 480 Yes
EKIN-K Set2 Kaolin 1600 240 ‘ Yes
Set3 3200 480 No
Setl 3200 480 Yes 60 17
EKIN-S Set2 Sand 1600 240 Yes
Set3 3200 480 No

UZ AFFE2E BN AT FAS & F5HF9 pHZF dFEHde= DH 79 ol +HEsEn, 49
T8 ¥ AAT A5 pHE setld set2lA JtEeuvolEel Hejr g EF A 59 z7#d A9 &
A pH 749 pH 91-929 & HJY. &L AAETHA LS setl9 78‘° F}&do = pH 537
pH 8971# W& stxn, Zefo 739 pH 34¢ pH 974x ®B3slgdei(<ad 3>, <28 4>).

<Y 5>-<aY 8> 7+ A FoAY dRFH Figoel EXE Holn, <a¥ I <2y 10>
NHE o] FEEXE AA P

Mg gy drFIH FAFel &Y olFAL 7 66(cm/day)/(v/em), 74(cm/day)/(v/em)E &
"}‘0301-9—01 g golHtl o WEA o]Edch(Rabbi, 1997). <I¥ 5> YZFozhEY FUHE ¢=
Fol2L 412M3 F &3 H7A ol T d AHolXw FhF o)LREE YEUA= Ktz U g
22 dEFol2 AL HEFEH FAH oleungg i o|FFoA Hdte Ex4 l°“_5L A7)
ol gFgo] o] o]Fo L FAH FFHFANAH & FEE Holy ALE HuHY, B
A g HE EHESACl & FHEHAFAA ol AAMAAe] ZA dERH I {U1E
103%%] 7128 f7180] HEHA &L ZHANRY F71E FFA7t GRFol29 olFd
Fe Aoz wadn ou FoA g AGAAL] g3 o] F 3 o] 22 dAAZo| A AT
Aejol] o]24 E Ao]™(Thevanayagam and Rishindran, 1998), 7} & e Al go] A& $Z(+)5F
EEoley v 5E H¥4dHe s=Hn ¥ § A Aotk <28 9>9 setl¥ set2E M|
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(HREAN 271FPoled 3L AF BYAHIAY FE wAE Jge W Bud
oM ARY FU0R B4E 271FYSEC JF HFLFEY A= de A vdeud. ¥
A oled 27FYFEE FYFUNAY FERT o2 ATFERT o A YT AAE A
o2 Badr.
2o Ao FREC]ZE JISUNMETG FHEHo] A AHdAa & s&Favudn H FF
So ofs] w2 A °l 5ol SFFAH e & FEEXE Hole Ao dvdti(<ad 6>).
<Y >89 <aY 86l FAAFole L RYAEY set32 AYInE Az YXE o)&EEU}
Mad FYsA FYHAG. add AsAeld] mE FAgeles] HFFEE = Aol: man
Thevanayagam(1998)2 o]&9 Flo|A F2at A od3fo] gotw ol HIFALHAAMY T
AEY AEEY Frel o FALGR Yok QWA A8 ARE Holk YATES o/FF
zkolo] ol3ti, B HES AXXE Aole Fito]FHo EAd 71A @ (Fukue et al., 1999).
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| o) <
AA 2R B& AoJBR o] HFFEo T ARY FHIA WE o)FFY FFo] T & e F
gGAtH(<aE 10>).

E3] pHE 43R &2 AF YEFEOIRXLE F A8 EFA vj§ 32 FEEIE Ho ¢
29 F4 A vAEY 2 3 AR olz} oJ&FYES i E pHEH] 4]
g & JTHLKIA 9>). o9 28 BX YIS FFHFRANAY R Fo|23 AR o] 2¢A
H'ol 239 utgo) o3t 2 EolL AN #AAZ Addth & Alshawabkeh(1996)S 5 71%] o] -2 9]
SAl] o]F8 AH$ ol olFEEE FH o9 ojFd o5 pE o9 olFo] AMEHT IS
wegn ggn, B A9y settdlME FF(H)AA 2AT H o9 o)Fol 2} dEEo)LY oF
Ho] i JFg¥x X AoE dddy. WHo pHE XE3R 4S FAdol2e FIYEEE 7}
U A$ 5L T2 setld A9 FAGG TEEXE HolAq setlBY) FUdA FAHA &%
. R E setde] FEIF 23] setld] FERT EL o|20)FRIEE Ho pHERHO Fol&<l
FAAFol2 olFd HAE dFL AEY g e EHE HYS & F UHLKZE 10>).
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L gEFolee) o5 HEDBES F23} o]2mP, oFFNN Aste REel /A% ArRe 4
4, 4712 §F 59 EUEAe 2 LA RN o] Ha FFL A w3

2. gaoles) FYREE FUYA HAT FEHg) % FYANQYL WM, AeAR 24
ARAN ARS BN AEEH Folz HEHE o|F39 Gl ABd FUFoley HFol
RE Aol #2% Aoz Budn

3. pHE ZAaA @& A% guyoled FUe WS R FEEIES woln, Fugol2e A
9o pHE 248 F9Rt 23 2 odd e FEREE RAt 2T F9oled T4
Agol we pHEEE e G HaT
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